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Abstract

Whole brain radiotherapy (WBRT) is a mainstay of treatment in patients with both
identifiable brain metastases and prophylaxis for microscopic disease. The use of
WBRT has decreased somewhat in recent years due to both advances in radiation
technology, allowing for a more localized delivery of radiation, and growing concerns
regarding the late toxicity profile associated with WBRT. This has prompted the
development of several recent and ongoing prospective studies designed to
provide Level | evidence to guide optimal treatment approaches for patients with
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intracranial metastases. In addition to defining the role of WBRT in patients with online

brain metastases, identifying methods to improve WBRT is an active area of Website:

investigation, and can be classified into two general categories: Those designed www.surgicalneurologyint.com
DOI:

to decrease the morbidity of WBRT, primarily by reducing late toxicity, and those
designed to improve the efficacy of WBRT. Both of these areas of research show
diversity and promise, and it seems feasible that in the near future, the efficacy/
toxicity ratio may be improved, allowing for a more diverse clinical application of
WBRT.
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INTRODUCTION

metastatic disease, coupled with the rising incidence
and more common screening for intracranial disease in

Intracranial metastasis is the most common type of
brain tumor in adults, with an overall incidence of
approximately 8.3/100,000.1°%1 Until the past few years,
the most common primary tumors responsible for brain
metastases reported in adults were lung and breast
cancer.”®¥ Recently, however, two large studies found
that the incidence of intracranial metastasis has shifted
with (in descending order) lung cancer, malignant
melanoma, renal cell carcinoma, breast carcinoma,
and colorectal carcinoma now representing the most
common tumors associated with brain metastases.””]
This shift might be explained by improved treatments
in breast cancer, resulting in fewer patients with
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melanoma, which metastasizes rapidly and remains a
therapeutic challenge.* These factors may also explain
the rise in the number of metastatic brain lesions seen
in cancer patients over the past few decades. Barring
autopsy studies, which have reported postmortem
evidence of intracranial metastasis in over 60% of
individuals with certain cancers,*! the most recent
studies of living patients with metastatic disease have
shown incidences of brain involvement of 10-40%.516078]
This number is significantly greater than the reported
incidence of intracranial metastasis half a century ago,
with studies citing brain lesions in only as high as 5%
of cancer patients.!'"! Thus, while cancer therapy and
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radiologic imaging have improved dramatically over
the past 50-60 years, brain metastases have become a
significantly more prominent issue in patient treatment
due to increasing incidence, and represents an ongoing
therapeutic challenge.

Due to the advanced nature of disease at the time of
presentation in patients with Intracranial metastases,
particularly if symptomatic, treatment options have
traditionally been limited. The presence of multiple
metastases often preclude the option of surgical resection,
and trials using various systemic chemotherapeutic agents
have to this point only demonstrated efficacy in treating
brain metastases in a very select group of primary tumors
that are highly chemosensitive.?***% In contrast, radiation
therapy has been shown to be efficacious in treating brain
metastases regardless of the primary tumor histology,
including metastases derived from tumors considered to
be radioresistant." The ability of radiation to effectively
treat brain metastases of any tumor histology is unique
among currently available therapies, and thus represents
an important palliative option for patients with brain
metastases by alleviating symptoms, decreasing the use
of corticosteroids needed to control tumor-associated
edema,!™® and potentially improving overall survival.®" For
these reasons, radiation therapy has become a cornerstone
in the treatment of metastatic brain lesions.

HISTORY AND EVOLUTION OF WHOLE
BRAIN RADIOTHERAPY

Supportive care for patients with multiple cerebral
metastases was the only viable option available to
physicians and oncologists for the first half of the
20" century. It was not until the 1950s that the first
conclusive publication was released on the possibility of
palliation of symptomatic intracranial metastatic discase
through the use of external radiation." It was found
in this preliminary study by Chao et al. that symptoms
associated with cerebral metastases could be alleviated
in 63% of individuals undergoing therapy, and also that
there seemed to be no bias in response among individuals
with metastases from tumors thought of as radiosensitive
versus those seen in patients with more radioresistant
tumors, such as malignant melanoma.l"¥ Additionally,
radiotherapy for intracranial metastasis was found to
result in minimal morbidity and toxicity by these carly
investigators.[®®) These initial findings in the treatment
of cerebral metastases provided the foundation for whole
brain radiotherapy (WBRT) being used in patients with
brain metastases today.

While initially deemed effective and minimally toxic,
WBRT has seen many improvements and augmentations
during its evolution from its modest beginnings in the
1950s, wherein various doses and schedules of radiation
were administered on a case-by-case basis,'" with no

sparing of radiosensitive intracerebral structures. By the
1970s, WBRT had become a mainstay treatment for
cerebral metastases,["! and while some of its uses are now
being supplanted by stereotactic radiosurgery (SRS), it
remains a beneficial adjunct to other therapies, is used
as monotherapy in a variety of clinical situations, and
is still the treatment of choice in patients with widely
disseminated metastases in the brain.

TOXICITY: ACUTE, EARLY-DELAYED, AND
LATE ADVERSE EFFECTS OF WBRT

Although generally speaking, cranial irradiation s
relatively well tolerated, it can cause a number of adverse
effects, both over the short- and long-term. Some of
the patient characteristics that determine the degree
of adverse cffects that a patient is likely to experience
has been attributed to age (>60 years or <12 years at
greatest risk), size of metastases, and tumor-associated
edema.l' In addition, prognosis plays a role, since many
of the delayed effects of WBRT typically would occur
after the median survival for many patients with brain
metastases.  WBRT-related toxicities are classified as
acute, carly-delayed, or late, depending upon when the
symptom occurs in relation to the commencement of
radiation therapy.™

ACUTETOXICITY

Fatigue is one of the most prominent acute toxicities
associated with  WBRT, experienced within the first
days to wecks of treatment.' Other acute effects
include radiation-induced alopecia and dermatitis,
nausca and vomiting, and decreased appetite. Aside
from radiation-induced alopecia, these acute effects are
generally self-limited and resolve spontancously or with
medical management." Cerebral edema is another
relatively common acute adverse effect of WBRT, but is
usually responsive to treatment with corticosteroids.*"!

Although no longer clinically relevant with the use
of current dose and fractionation schedules, one
described acute complication of WBRT therapy as acute
encephalopathy, in which patients may experience severe
headache, focal neurologic deficits, obtundation, and
in the most severe cases, cercbral herniation (secondary
to increased intracranial pressure [ICP]) resulting in
death of the patient.”*V This clinical entity is most
often witnessed in patients undergoing WBRT with
dose-fractionation schedules utilizing single-doses  of
greater than 3 Gy This dose-dependent potential of
WBRT to cause acute encephalopathy was illustrated
in an early study on WBRT fractionation, in which
45 patients were irradiated with a single fraction of 10 Gy
of gamma radiation, which resulted in the death of three
patients (6.7%) within hours of treatment.?"
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EARLY-DELAYED TOXICITY

The adverse effects of WBRT that are experienced
by patients within the first weeks to months after
beginning  treatment are termed  “carly-delayed”
(or “subacute”) toxicities. During this period of time,
patients may experience continued fatigue, somnolence,
necurocognitive deficits such as decline in memory,
and other general or focal neurologic symptoms.l*! In
addition to symptomatology, radiographic changes may
be noted during the 1-4 month posttreatment interval. In
this scenario, posttreatment contrast magnetic resonance
imaging (MRI) may show diffuse contrast enhancement,
posing a challenge in determining whether these findings
are transient early-delayed changes or progression
of discase."” When the findings are indeed benign
carly-delayed effects, the phenomenon is referred to as
pscudoprogression, and is commonly associated with
higher dosing regimens. !

been
2885

Somnolence  syndrome following WBRT has
primarily described in the pediatric population,!
although it has also been reported in adults.” In
addition to somnolence, manifestations may include
fatigue, fever, headache, nausea, vomiting, dysphasia,
anorexia, dysarthria, and irritability.">*! The syndrome
is generally sclf-limited, and often resolves within
1-3 weeks. In some cases, particularly in children who
received prophylactic cranial irradiation (PCI) for Acute
Lymphocytic Leukemia (ALL), somnolence syndrome can
result in long-term (potentially irreversible) neurologic
dysfunction,” so prevention of somnolence syndrome
with corticosteroids in the pediatric population is ideal !

LATE TOXICITY

Late toxicity from radiation is defined by the Radiation
Therapy Oncology Group (RTOG) as any toxicity that
occurs after 90 days of commencement of treatment.?’!
In modern-day administration of WBRT therapy, late
adverse effects are generally the most feared sequelace of
treatment. In contrast to the generally self-limited (and
often mild) acute and carly-delayed toxicities
experienced by patients undergoing WBRT with standard
dose-fractionation schedules, the late effects of WBRT
are not self-limited and may have severe consequences.!'l

Adverse neurocognitive effects are common late findings
in patients who have undergone WBRT. Neurocognitive
degeneration induced by radiation therapy follows
a well-documented biphasic pattern beginning with
a transient decline in mental functioning at around
4 months posttreatment, followed by an improvement
in neurocognitive functioning, and then an ultimate
irreversible  return of  impairment months to years
later;" some cases have been reported to occur as late
as 33 years after therapy.?!! Although the prevalence of
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these effects in patients treated with WBRT' has been
difficult to quantify due to confounding variables such as
persistent brain metastases, parancoplastic neurocognitive
dysfunction, and  possible  chemotherapy-induced
necurocognitive decline, there seems to be sufficient
evidence to suggest that it is common enough to be
a necessary consideration in the development of a
WBRT  dose-fractionation  schedule —appropriate  for
favorable-prognosis patients.

Only recently has delayed neurocognitive decline become
an effect that is followed in clinical trials involving
WBRT. A large meta-analysis by Tallet et al. analyzed
the neurocognitive outcome results from seven recent
trials that used WBRT at various prophylactic doses
and protocols in patients without brain metastases,
and found a decline in neurocognitive functioning of
31-57% at 3 months, and 48-89% at 1 year.®!) Although
WBRT' secems to cause neurocognitive dysfunction, an
observation by Li et al. demonstrates that in patients
with brain metastases, neurocognitive function is more
detrimentally affected by progression of intracranial
discase than by WBRT, and thus in patients who require
WBRT' therapy for cerebral metastases, neurocognitive
outcomes are actually improved with WBRT, secondary
to successful treatment and tumor regression.*!

Leukoencephalopathy is another potential late toxicity
associated with WBRT, and becomes more prevalent
with higher total doses of therapy. The clinical syndrome
is characterized by seizures, lethargy, neurocognitive
dystunction, and dysarthria, and occurs within months
to sometimes years following treatment with WBRT[?7:66]
The diagnosis can be supported by radiographic imaging,
which  demonstrates  diffuse injury to the white
matter of the cerebral hemispheres consistent with
hyperintensity on  T2-weighted MRI  (most notable
in the periventricular white matter) and hypodensity
on computed tomography (CT), as well as noticeable
sulcal and ventricular enlargement that are evident on
both imaging modalities.®** It is important to note
that most patients who have received WBRT will have
some degree of similar CT/MRI findings as patients
with leukoencephalopathy, but might be entirely
asymptomatic.’*%  Leukoencephalopathy has  been
shown to be particularly common toxicity in children—a
consideration that has led to the more limited use of PCI

in childhood ALL.°!

Radiation necrosis is perhaps the most extreme local
toxicity to occur with WBRT. As the name implies, areas
of the brain affected by radiation necrosis represent
necrotic, nonreparable tissue. Pathologically, these areas
are characterized by fibrinoid necrosis of small arteries
and arterioles, which is hypothesized to be the result
of extensive damage to the vascular endothelium. !5
Although more common in patients being treated with
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higher doses of radiation to limited areas of the brain,
such as in treatment with SRS, WBRT has also been
implicated as a cause of radiation necrosis. However,
this late effect is relatively uncommon, as the general
threshold to  develop  radiation-induced
typically exceeds doses used in traditional WBRT
dose-fractionation schedules.?2%!

NECrosis

In addition to smaller-caliber vessel damage responsible
for radiation necrosis, large cerebrovascular structures
have also been shown to be vulnerable to the effects of
WBRT: Particularly the vessels comprising the anterior
half of the Circle of Willis."”! Although quite uncommon
with  WBRT, the effects on these vessels have been
described as similar to those witnessed in a severely
atherosclerotic vessel. Moyamoya syndrome can then
develop, characterized by weak collateral vessel formation
around the sclerotic arteries that are prone to hemorrhage
and thrombosis, potentially contributing to worsening
dementia and even death.”®! The radiographic findings
typical of Moyamoya syndrome include the “puff of
smoke” on angiography, illustrative of the density of the
many small collateral vessels.””!

THE ROLE OF WBRT IN THE TREATMENT
OF INTRACRANIAL METASTASES

WBRT alone

In patients with multiple cerebral metastases, WBRT
is generally the treatment of choice, as it addresses
both macroscopic and microscopic discase. Studies
have shown an improvement in symptoms in 64-83% of
patients after treatment with WBRT alone,!'**771 and
have also demonstrated an increase in median OS from
1 month with no treatment to 3-7 months following
WBRT.F" The most common dose/fractionation schedule
used is 30 Gy delivered in 10 fractions over the course
of 2 weeks.""”7) There have been a number of trials that
have utilized alternative dose-fractionation schedules,
including protocols with both lower and higher doses of
overall radiation compared with the control regimens.
Most of these studies have failed to show a statistically
significant difference, although a trial performed by
Davey et al. was able to show an increase in time before
intracranial relapse of 32 wecks in the experimental dose
arm (40 Gy/20 BID fractions) versus 14 weeks in the
control arm (20 Gy/5 fractions).!"”) Toxicity associated
with  the alternative  dose-fractionation  schedules
reported in the literature is not significantly different
than standard schedules, with the exception of high
dose single fraction therapy at doses of 10 Gy, which
result in greater toxicity.” Overall, sufficient evidence
is not currently available to suggest superior efficacy or
reduced toxicity of alternative dosing schedules over the
accepted and currently used standard WBRT protocols. ]
Therefore, prospective studies with carefully designed

neurocognitive endpoints are still needed to more clearly
determine if altered fractionation schedules may be
beneficial, particularly in the context of brain metastasis
patients with the potential for long-term survival.

In addition to treating patients with known brain
metastases, WBRT is also used to treat cancer patients
with a high risk of developing brain metastases, termed
PCIL. The possible utility of PCI for prevention of
small cell lung cancer (SCLC)-associated intracranial
metastases is one that has been recognized and studied
since the 1970s, but individual trials conducted in the
mid-1990s were unable to unanimously prove PCIs
efficacy in decreasing mortality.!® In 1999, Auperin
et al. published the first meta-analysis that was able
to demonstrate a survival benefit of PCLI®l This study
analyzed the results of seven randomized clinical
trials (RCTs) in which PCI was offered to SCLC patients
who had a complete response to therapy, and found that
there was a decrease in the incidence of brain metastasis
at 3 years in patients who received PCI versus those who
did not (33% versus 59%, respectively), along with a
decrease in mortality (79.3% versus 84.7%, respectively).®l
Recent trials have attempted to extend these findings in
patients with an incomplete response to chemotherapy.
A recent study completed by the EORTC demonstrated
both a decreased risk of developing brain metastasis
and improvement in overall survival at one year in
patients receiving PCL® PCI has also been studied in
patients with nonsmall cell lung cancer (NSCLC). A trial
conducted by the RTOG demonstrated a decrease in
the incidence of brain metastasis in the PCI arm (8%
with PCI versus 18% in the observation arm), however,
there was no statistically significant difference in overall
survival .Y

WBRT as adjuvant to surgery

Some of the first prospective studies evaluating WBRT
involved its role following surgical resection. A RCT
by Patchell et al. compared outcomes in patients who
received resection alone versus those who received
resection  followed by adjuvant WBRTI®U  Efficacy
endpoints of the trial included local (site of resection)
and regional (other areas of the brain) recurrence, as well
as OS. WBRT following resection demonstrated superior
local and regional recurrence rates of 10% and 18%, versus
46% and 70% witnessed with resection alone. Although
differences in OS were not statistically significant,
patients undergoing WBRT did have decreased death
associated with neurologic dysfunction (14% of patients
who received WBRT, versus 44% of patients who
received observation alone). A large RCT conducted
by the EORTC included 359 patients with one to three
intracranial metastases who were randomized to either
receiving surgical resection (or SRS) alone or resection
followed by adjuvant WBRT.*I Of the 160 patients who
received surgical resection, consistent with the results
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from the RCT performed by Patchell et al., as well as
three retrospective studies,**”) this trial demonstrated
that the addition of WBRT to surgical resection reduced
both local (59-27%) and regional (42-23%) intracranial
recurrence at 24 months, with no OS benefit.*!

Improving the efficacy of WBRT

One strategy to improve the efficacy of WBRT involves
delivering  higher doses of radiation to macroscopic
disease, with the most common approach involving
SRS. The RTOG recently completed a large Phase 111
RCT evaluating this approach in 331 patients with good
performance status (Karnofsky performance status >70)
and one to three brain metastases.! This study
demonstrated an increase in local brain control from
62% with WBRT alone to 91% when SRS was added to
WBRT Although the addition of SRS to WBRT did
not demonstrate improved survival over WBRT alone
in patients with multiple intracranial metastases, the
study did find an increase in median survival time in
patients with single metastases: The median survival in
patients treated with WBRT alone was 4.9 months, while
in patients treated with WBRT and SRS the median
survival was increased to 6.5 months.!")

Another strategy to deliver higher doses of radiation
to brain metastases is by using standard WBRT in
conjunction with simultancous in-ficld boost (SIB)
delivered  through helical tomotherapy.  Rodrigues
et al. developed a dosimetric feasibility study that
demonstrated the possibility of the administration of
an SIB dose of 60 Gy in 10 fractions that is biologically
equivalent to a single SRS dose of 18 Gy but superior in
terms of normal tissue tolerance; a Phase I trial assessing
toxicity has already been accomplished based upon this
feasibility study, which demonstrated minimal toxicity.*)
A Phase II trial conducted by the same research group
is currently underway, with the goal of comparing the
efficacy of helical tomotherapy SIB versus traditional SRS
as an adjunct to WBRT.I®

Lastly, combining WBRT with systemic therapy has been
an approach explored to improve clinical outcomes in
brain metastases patients. However, since WBRT' first
became the treatment of choice for intracranial metastasis
in the 1970s, there has not been any conclusive evidence
that the addition of any chemotherapeutic agent to
WBRT' imparts a significant benefit in median survival
time. Z41>>57.04 Furthermore, most trials have shown
an increased degree of treatment-related toxicity when
chemotherapy is used in combination with WBRT.¥2I The
RTOG-sponsored clinical trial by Knisely et al. (RTOG
0118) was one of the more prominent studies to
investigate the combination of WBRT and chemotherapy
and arrive at such findings. In this trial, 183 patients
were randomly assigned to either receive WBRT alone
or WBRT with adjuvant thalidomide. While the median
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survival was the same (3.9 months), the study was
prematurely terminated due to the excessive number of
adverse effects witnessed in the chemo-radiation arm.™!

The radiosensitizing chemotherapeutic agent motexafin
gadolinium has also been explored as an adjuvant to
WBRT. In a Phase III trial of 554 patients conducted
by Mehta et al, it was found that in patients with
NSCLC, the interval to neurologic progression could
be extended by the concomitant use of WBRT with
motexafin gadolinium (24.2 months) versus WBRT alone
(8.8 months).”*! It was also demonstrated that there was
a statistically significant decrease in the total number of
salvage procedures (e.g., SRS, surgical resection) required
for management of intracranial disecase in patients
receiving WBRT with motexafin gadolinium, however,
OS was not improved.P’!

Temozolomide is an orally administered alkylating agent
that is receiving much attention as an experimental
adjunct to brain irradiation in the treatment of brain
metastases. While prospective data is limited at this
time, there is some evidence of its efficacy in improving
response to treatment versus WBRT alone.!l A recent
phase II study by Chua et al. found increases in OS and
median time to CNS progression in NSCLC patients
who received temozolomide with WBRT versus WBRT
alone, but this study was flawed due to the patient
accrual goal not being met; thus, the authors concluded
that temozolomide’s role in the treatment of brain
metastases should be further investigated, as it remains
unresolved.™ A study by Pesce et al. failed to show a
survival benefit of temozolomide as an adjunct to WBRT,
but instead demonstrated a superior OS in NSCLC
patients treated with WBRT and gefitinib (4.9 versus
6.3 months, respectively),l®”’ an  orally administered
EGFR inhibitor. The most promising study regarding
the use of temozolomide with WBRT was documented
in a phase II trial by Gamboa-Vignolle et al., which
found WBRT and temozolomide increased the objective
response to 78.6% from 48.1% in patients with cerebral
metastases who received WBRT alone.®! Additionally,
the median progression free survival was found to be
11.8 months in the temozolomide and WBRT arm,
versus 5.6 months in the WBRT alone arm.””’ The
inconclusive and often contradictory findings from these
relatively smaller studies have led to the development of
a large clinical trial that is currently comparing WBRT
with temozolomide to WBRT alone, in patients with

melanoma (EORTC-18981).2

Based on the data currently available, there is no
established role of combining chemotherapy with WBRT,
and its use therefore remains experimental.®? However,
the concept of applying a systemic agent to improve
the efficacy of WBRT continues to be an active area
of investigation. The critical determinant for clinical
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application of such an agent will be based on its capacity
to sclectively enhance radiation-induced toxicity in
the tumor and not the normal surround brain, thereby
improving the therapeutic index of WBRT. There are
several, large prospective studies either underway or being
planned, designed to test this concept in an effort to
improve survival in patients with brain metastases.

Decreasing the morbidity of WBRT

In addition to improving the efficacy of WBRT, another
area of active investigation involves decreasing its long-term
neurocognitive effects. One novel approach that has
been proposed applies recent technologic advancements
involved in radiation delivery to conformally avoid doses
to regions in the brain hypothesized to be particularly
sensitive to the effects of radiation. One of the first of
these areas to be characterized as a potential candidate for
sparing is the hippocampus. As memory loss (particularly
the loss of the ability to consolidate new memories) is
one of the more common and subjectively detrimental
late adverse effects of WBRT, the hippocampus seemed a
natural target to avoid. Additionally, metastatic lesions to
the hippocampus are extremely rare, and in approximately
86% of patients with cerebral metastases, there exists at
least a 15 mm margin between the closest metastasis and
the hippocampus, which would allow for effective sparing
with modern WBRT' without compromising therapeutic
efficacy.’? Sparing of the hippocampal region seems to
be particularly important in the pediatric population,
as it has been conclusively demonstrated that decrease
in 1O and ability to form new memories correlated with
radiation exposure to the temporal regions of the brain
containing the hippocampus.®**! Hippocampal sparing
has been shown to be feasible by multiple radiation
treatment planning studies, and is likely to receive
increasing attention in the future for PCLP*7% and is
already currently being investigated by the RTOG in an
ongoing clinical trial.”" In addition to the hippocampus
itself, other contiguous structures of the limbic system
have been proposed as candidates for avoidance during
administration of WBRT due to their involvement in
memory consolidation, emotional processing, and fine
motor coordination—all processes that scem to be
negatively affected by irradiation of the whole brain.
Similar to the hippocampus, the limbic system as a whole
scems to only rarely harbor metastatic disease and sparing
is dosimetrically feasible.P*!

The relatively recent discovery of neural stem cells (NSCs)
in two discrete areas of the brain is the impetus behind
the most recent potential target for radiation sparing in
WBRT. Specifically, these NSCs were identified to be
located within a small area of the hippocampus known
as the subgranular zone as well as in the subventricular
zones.! Tt is proposed that these NSCs are capable of
repairing damage to both white and gray matter in the
brain, and when destroyed by radiation may prevent

neural regeneration and cause subsequent neurocognitive
toxicity.?l NSC sparing has also been shown to be
possible by Marsh et al. through feasibility studies, and
trials of NSC sparing in patients with cerebral metastases
have been proposed.P!

Another area of investigation involved in mitigating the
long-term  sequelae of WBRT' involves neuroprotectors.
Memantine is one such neuroprotector that is being studied
for this purpose. Acting as an NMDA-receptor antagonist,
memantine has been proven effective in slowing or
preventing decline in cognitive function through prevention
of neurologic excitotoxicity. A recently completed
Phase III trial (RTOG-0614) was designed to evaluate
memantine’s potential to decrease late neurocognitive
toxicity from WBRT (as compared with WBRT alone).
The primary endpoint of this study is to determine the
effect of concomitant memantine with WBRT on cognitive
function—specifically memory—at 24 weeks following
WBRT therapy. Results from this study are pending.”!

Localized radiotherapy alone for brain metastases
With recent advancements in radiation delivery, coupled
with the lack of survival benefit and both short- and
long-term toxicities associated with WBRT, a recent
trend in the field of radiation oncology has been toward
withholding WBRT and proceeding with a localized
approach in the management of patients with brain
metastases using SRS. The recent findings of three large
prospective randomized studies support this approach.
In a study designed to compare WBRT with SRS
versus SRS alone in patients with 1-4 brain metastases,
Aoyama et al. reported a l-year tumor (locoregional)
recurrence rate of 46.8% in the WBRT and SRS group,
and a recurrence rate of 76.4% in those treated with SRS
alone.P! In regard to local control alone, combined WBRT
and SRS provided local control in 88.7% of patients at
12 months, while SRS alone provided local control in
72.5%.%1 A trial by Kocher et al. (EORTC 22952-26001)
enrolled 359 patients who were similarly randomized to
cither SRS alone or SRS with adjuvant WBRT.* This
study also found an improvement in local and regional
control, measured as relapse at 2 years, with SRS and
WBRT versus SRS alone (19% versus 31% locally, and
33% versus 48% regionally).[*) Neither the Aoyama study
nor the Kocher study reported a statistically significant
difference in OS with the addition of WBRT to SRS.B#
Conversely, rather than demonstrating an improvement
in survival, findings presented by Chang et al. actually
demonstrated a detriment in overall survival in patients
undergoing WBRT.["*I" Although this was a well-done,
randomized study, the relevance of these findings are
still somewhat unclear, as there may have been a higher
proportion of patients with favorable prognostic factors
in the SRS arm.®™ Additionally, a meta-analysis of the
pooled results of the three aforementioned studies found
no difference in OS.1%
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In addition to SRS being used as primary therapy for
limited brain metastases, this localized approach is also
being applied in the postoperative setting. A retrospective
study performed by Prabhu et al. reviewed the outcomes
of 62 patients who received single-dose, postoperative
tumor bed SRS (median dose of 18 Gy to surgical
margin) following gross resection.!®’ This study found a
local recurrence rate of 22% after one year, and concluded
that due to the highly conformal nature of SRS, these
in-field failures were unlikely to be due to geographic
misses.[®! Another retrospective study, performed by
Do et al., examined the outcomes of 30 patients who
received either 15-18 Gy for SRS, or 22-275 Gy in
4-6 fractions for stereotactic radiotherapy (SRT)." This
study described a local recurrence rate of 13.3%, but
due to the small number of participants and the various
dose-fractionation schedules used, it is difficult to isolate
the most effective schedule. Although this localized
approach to the postoperative bed has been adopted by
many centers, prospective data supporting its efficacy and
impact in preserving neurocognitive function are only
now being performed.?*

Lastly, as curtailing healthcare costs has emerged as a
dominant theme in recent years, economic considerations
will likely play a more important role in dictating which
patients may be treated with SRS versus WBRT. This is a
point of contention, because although the financial cost of
SRS may be significantly greater than WBRT, particularly
in the context of multiply recurrent disease, this must
be balanced with the potential cost of neurocognitive
effects associated with WBRT. In addition, the economic
appeal of WBRT may be tempered by its inferiority
to SRS in certain clinical circumstances, a view that is
posited by Lal et al., which argues that when regarding
overall cost-effectiveness, SRS might remain a financially
reasonable option.”) Ongoing and planned prospective
trials will hopefully allow physicians to provide treatment
recommendations supported by evidence-based medicine
for patients with brain metastases, rather than solely
through financial consideration and clinician bias.

CONCLUSION

The treatment of brain metastasis has evolved
considerably since WBRT first came into popular use
in the 1970s. Although some of the uses of WBRT
have been supplanted by more focal radiotherapies that
introduce less overall toxicity to the normal volume of
the brain, WBRT remains the treatment of choice for
disseminated intracranial metastasis. The use of WBRT
in these clinical situations appears unlikely to be replaced
by other therapies in the near future, and thus the
clinical trials that are currently attempting to improve
the efficacy and toxicity profiles of WBRT will have the
potential for strong clinical application.
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